The Red Sea is the world's northernmost tropical sea. The 2000 km long, but narrow basin creates distinct environmental conditions along its latitudinal spread. The Red Sea displays a pronounced salinity gradient from 41 to 37 PSU (north to south) with an opposing temperature gradient from 21 to 27 • C in the north to 27-33.8 • C in the south. The Red Sea further displays a decreasing nutrient gradient from south to north that can also influence underwater light fields due to higher phytoplankton content and turbidity. Despite this strong variation in temperature, salinity, nutrients, and light conditions, the Red Sea supports large and diverse coral reef ecosystems along its nearly entire coastline. Only few studies have targeted whether these prevailing gradients affect genetic connectivity of reef organisms in the Red Sea. In this study, we sampled the abundant reef-building coral Pocillopora verrucosa from 10 reefs along a latitudinal gradient in the Red Sea covering an area of more than 850 km. We used nine Pocillopora microsatellite markers to assess the underlying population genetic structure and effective population size. To assure the exclusion of cryptic species, all analyzed specimens were chosen from a single mitochondrial lineage. Despite large distances between sampled regions covering pronounced, but smooth temperature and salinity gradients, no significant genetic population structure was found. Rather, our data indicate panmixia and considerable gene flow among regions. The absence of population subdivision driven by environmental factors and over large geographic distances suggests efficient larval dispersal and successful settlement of recruits from a wide range of reef sites. It also advocates, broadcast spawning as the main reproductive strategy of Pocillopora verrucosa in the Red Sea as reflected by the absence of clones in sampled colonies. These factors might explain the success of Pocillopora species throughout the Indo-Pacific and Arabian Seas.
INTRODUCTION
The Red Sea features an environment that is characterized by both, strong latitudinal temperature and salinity gradients. From north to south, sea surface temperature (SST) increases from 21 to up to 33.8 • C and salinity decreases from 41 PSU to 37 PSU (Edwards, 1987; Sofianos and Johns, 2007; Raitsos et al., 2013; Kürten et al., 2014) . The Red Sea thereby displays an antagonistic salinity-temperature profile, which is in contrast to other seas (e.g., the Mediterranean or the Gulf of Mexico). The Red Sea is further characterized by a lack of fresh water river inlets and low precipitation rates, being surrounded by hot arid land masses, and by high evaporation rates (∼2 m year −1 ) due to strong hot winds (Morcos, 1970; Sofianos et al., 2002; Siddall et al., 2003; Sirocko, 2003) . In the south, however, water exchange occurs between the Indian Ocean and the Red Sea through the very narrow and shallow connection at Bab el Mandeb. This connection allows cooler and less saline oceanic waters to enter the Red Sea. The water is quickly warmed up in the rather shallow southern Red Sea and gradually decreases in temperature further north, while salinity increases toward the north due to high evaporation (Murray and Johns, 1997; Sofianos et al., 2002) . Due to monsoondriven seasonal upwelling off of Jemen's coast in the Gulf of Aden, waters entering the Red Sea in the south are also higher in nutrients (Kürten et al., 2014) . The nutrients are gradually depleted toward the north. Thus, in the southern Red Sea productivity is higher leading to higher phytoplankton concentrations and consequently to higher turbidity (Raitsos et al., 2013; Kürten et al., 2014) .
Habitat delimitations of aquatic species are considerably driven by temperature, light (Schwalbach et al., 2005; Zinser et al., 2007) , salinity, and nutrients (Hewson et al., 2006; Foster et al., 2007) , and the prevailing strong environmental and physicochemical gradients in the Red Sea can potentially shape genetic divergence of populations among marine species. This was shown by a recent study in the Red Sea analyzing the population structure of a coral reef fish, where the environmental gradients were found to predict the genetic population structure (Nanninga et al., 2014) . Whether this applies for Red Sea corals as well, remains to be investigated. Yet, studies have repeatedly shown that corals are sensitive to environmental conditions, including salinity, turbidity, nutrients and temperature (Hoegh-Guldberg, 1999; Brainard et al., 2013) .
The reef-building coral Pocillopora verrucosa is commonly found throughout the Red Sea and the Indo-Pacific, mostly in shallow waters (Veron and Pichon, 1976) . It is a hermaphrodite broadcast-spawner, which releases its gametes during daytime in the Red Sea (Bouwmeester et al., 2011) . Despite its wide distribution and success in various habitats, P. verrucosa, as well as other pocilloporids, have been recognized to be highly susceptible to environmental change (Marshall and Baird, 2000; McClanahan, 2004; Ziegler et al., 2014) . A recent study by Pinzón et al. (2013) identified between five and eight genetically distinct lineages (i.e., species) of Pocillopora in the Indo-Pacific with minimal or no hybridization between them. The same study identified two distinct mitochondrial Open Reading Frame (mORF) haplotype clusters in the Red Sea that may represent two distinct species. These were not resolved by microsatellite genotyping, and appeared "damicornis-like" in some regions and "verrucosa-like" in other regions. Accordingly, for concordance of data, any study on Pocillopora in the Red Sea should discriminate between these two taxonomic units.
In this study, we analyzed specimens of Pocillopora verrucosa along the coast of Saudi Arabia employing nine microsatellite markers (Magalon et al., 2004; Starger et al., 2008) to reveal the underlying population genetic structure. To assure the exclusion of cryptic species, all specimens were chosen from a single mitochondrial lineage ("type 3" sensu Pinzón et al., 2013) . Our further aim was to assess whether population differentiation correlates to geographic region and/or prevailing environmental conditions along a latitudinal environmental gradient. Our analysis provides a point of reference for the genetic structure of Pocillopora verrucosa in the Red Sea as well as hypotheses regarding the genetic diversity of coral populations and recruits.
MATERIALS AND METHODS

CORAL SAMPLING AND ETHICS STATEMENT
The reefs sampled in this study do not fall under any legislative protection or special designation as a marine/environmental protected area. The Saudi Coastguard Authority issued sailing permits to the sites that include coral collection. Pocillopora verrucosa is listed on the ICUN Red List (http://www.iucnredlist.org/ details/133197/0). Corals were sampled in accordance with ethical standards for the care and use of invertebrate animals. Coral branches of 1 to 10 cm in length were collected from colonies of the morphotype Pocillopora verrucosa from 2011 to 2013 at 10 sites from 3 geographical regions along the Saudi Arabian Red Sea coast. The regions included Al Wajh (WAJ) in the north, Thuwal (THU) in the center, and Doga (DOG) in the south. Each region was represented by 3-4 reefs, which were separated by 2-5 km. Samples were fixed in salt saturated DMSO solution and stored at −20 • C until further processing. We sampled a total of 361 colonies from multiple offshore reefs (Table 1) 
DNA EXTRACTION
Coral DNA was extracted using the Qiagen DNeasy Plant Mini Kit following the manufacturer's protocol with minor modifications. Briefly, coral pieces of ∼5 mm diameter were cut with sterile bone clippers and placed in a sterile 1.5 ml Eppendorf tube filled with ∼0.5 ml of 0.5 mm glass beads (Biospecs) and 400 μl AP1 Qiagen Lysis Buffer. Tubes were bead-beaten with the Qiagen Tissue Lyser II at highest frequency (30 Hz) for 90 s, and DNA was eluted once with 80 μl Qiagen AE elution buffer. Subsequently, the DNA concentration was measured using a NanoDrop 2000 (ThermoScientific) and concentrations were adjusted between 10 and 40 ng/μl for PCR amplifications. The same diluted aliquots were used for mitochondrial (mORF) and nuclear DNA (microsatellite) amplifications.
MITOCHONDRIAL OPEN READING FRAME AMPLIFICATION AND ANALYSIS
A mitochondrial Open Reading Frame (mORF) of unknown function was amplified using the primers FATP6.1 5 -TTTGGGSATTCGTTTAGCAG-3 and RORF 5 -SCCAATATGTTAAACASCATGTCA-3 as described and developed by Flot and Tillier (2007) for the genus Pocillopora. PCR reactions were carried out in 12 μl reactions containing 6 μl Qiagen Multiplex PCR Kit mix, 1.25 μmol of each primer, 3.75 μl water and 1 μl DNA (10-40 ng) as template. Cycle conditions were: 94 • C for 15 min, followed by 35 cycles of 94 • C for 30 s, 53 • C for 45 s, 72 • C for 90 s, and a final extension at 72 • C for 10 min. PCR products were cleaned with Illustra ExoStar 1-step (Biotech) following the manufacturer's protocol. Fragments were bi-directionally sequenced on a Sanger ABI 3730XL at the Bioscience Core lab of KAUST. For sequence analysis, forward and reverse sequences were aligned, assembled, and trimmed in CodonCodeAligner version 3.7.1 (Codon-Code Corporation, Centerville, MA, USA). Only high quality unambiguous sequences were used to build a contig of bidirectionally sequenced mORFs. Resulting contigs were exported to MEGA 5.1 (Tamura et al., 2011) to check for gaps or indels and subsequently imported into DNAsp 5.10.1 (Librado and Rozas, 2009 ) to determine distinct haplotypes. A Maximun Likelihood phylogenetic tree (1000 bootstrap replicates) was then built using the program MEGA 5.1 for all distinct haplotypes belonging to type 3 specimens to exclude the possibility of skewed results originating from the analysis of distinct Pocillopora lineages. Type 3 was also the most abundant mitochondrial lineage among our samples.
MICROSATELLITE AMPLIFICATION AND ANALYSIS
A total of 14 microsatellite loci developed by Magalon et al. (2004) and Starger et al. (2008) were tested ( Table 2) . For each primer pair, the forward primers were labeled with red (AT565), yellow (AT550), green (HEX), or blue (FAM) fluorescent dyes. PCR fragment lengths, quantity, and quality were checked and estimated with the QIAxcel DNA High Resolution Kit. Thirteen primer pairs gave amplifications and were successfully multiplexed ( For analysis of microsatellites, ABI files were imported to GeneMapper 4.0 (Applied Biosystems, Inc.) for genotyping. Alleles were manually and independently scored at least four times. Alleles that yielded ambiguous results were re-amplified with more template DNA and/or lower annealing temperature, and alleles of different PCR setups were subsequently compared for accurate and consistent allele scoring. The Microsatellite Toolkit 3.1.1 (Park, 2001 ) was used to detect missing alleles (diploid) and erroneous data (e.g., alleles, subpopulation names, data format, characters). Further, the software was used to identify clonal colonies (matching multi-locus-samples with up to 4 mismatches) within the data set. MicroChecker 2.2.3 (Van Oosterhout et al., 2004 ) was used to detect the presence of null alleles, errors in allele sizes due to stuttering, and large allele dropouts by comparing observed and expected homozygote and heterozygote frequencies. We employed CONVERT 1.3.1 (Glaubitz, 2004) and PDG SPIDER 2.0 (Lischer and Excoffier, 2012) to convert the data into different file formats.
Population differentiation was calculated over all populations with GENEPOP 4.1 (Raymond and Rousset, 1995) using the Markov Chain (MC) algorithm by Guo and Thompson (1992) with 10,000 burn-in, 100 batches, and 5000 MC Monte Carlo (MCMC) steps. Bonferroni adjusted P-values were used to assign the significance of differentiation according to the F ST -values, also calculated with GENEPOP 4.1. Other applicable measurements of differentiation were calculated with GenAlEx 6.5 Smouse, 2006, 2012) , i.e., differentiation coefficient D, G' ST , and pairwise fixation indices F ST . STRUCTURE 2.2.3 (Pritchard et al., 2000; Falush et al., 2003 Falush et al., , 2007 Hubisz et al., 2009 ) was used to assess population structure based on Bayesian multi-locus clustering. The number of putative subpopulations (K) based on the STRUCTURE analysis was calculated with STRUCTURE HARVESTER's Evanno Method (Earl and Vonholdt, 2012) . Prior runs of STRUCTURE were performed using 100,000 MCMC steps and 50,000 burn-in for K = 1 to K = 10 (maximum number of sampled reefs) in order to firstly infer the range of possible populations. For the final iterations, K was set from 1 to 4 with 1,000,000 MCMC and a burn-in period of 500,000, with 5 runs per parameter set and model without providing the sample's location as a prior. Results from all models were compiled before www.frontiersin.org
February 2015 | Volume 2 | Article 5 | 3 using STRUCTURE HARVESTER to give the least model-biased number of putative genetic clusters, i.e., subpopulations. A graphical representation of the final STRUCTURE output based on the output of K = 3 and 5 iterations with the latter parameter set was generated using output files from STRUCTURE HARVESTER and processed in CLUMPP 1.1.2 (Jakobsson and Rosenberg, 2007) and edited with DISTRUCT 1.1 (Rosenberg, 2004) . Estimates on the effective population size (N e ) were calculated using approximate Bayesian computation from the set of microsatellite genotypes with ONeSAMP 1.2 (Tallmon et al., 2008) using the following parameters: #num samples 252, #num polymorphic loci 9, #min N e size 4, #max generation size 10,000, #iterations 50,000 (Supplemental File S1).
RESULTS
POCILLOPORA LINEAGE SELECTION VIA mORF
Based on results from a study by Pinzón et al. (2013) , we used the mORF marker to identify distinct mitochondrial lineages for P. verrucosa and to rule out analyzing data from several (cryptic) species. Sequences of ∼850 bp were generated and single base pair mutations could be clearly identified due to exclusion of low quality sequences from the alignments and the absence of ambiguous peaks. We identified 6 distinct haplotypes (A to F) in our data, which were about equally represented among all sampled reefs ( Table 1) . Haplotypes B, C, E, and F were previously identified by Pinzón et al. (2013) studying P. verrucosa form the Red Sea (GenBank accession numbers: haplotype B JX994083; haplotype C JX994080, haplotype E JX994075; haplotype F: JX994084). Haplotypes A and D represented novel haplotypes in our study (GenBank accession numbers: haplotype A KP238127; haplotype D KP238128). Analysis of these haplotypic data in MEGA suggested clustering of haplotypes A-E corresponding to "type 3" sensu Pinzón et al. (2013) , and a second cluster constituted by haplotype F corresponding to "type 7" sensu (Pinzón et al., 2013) . We only considered samples for "type 3" for the population genetics analysis in order to confidently exclude possible biases arising from the presence of genotypic data from different lineages. From a total of 361 coral colonies, 252 samples belonged to "type 3." The set of 252 samples is henceforth referred to as P. verrucosa and was used for the remainder of the analyses. It is worth mentioning that we could not detect morphological differences between the putative different mitochondrial lineages (types 3 and 7) based on photographical vouchers of the sampled colonies (data not shown) emphasizing the usefulness of genetic data in differentiating mitochondrial lineages. This is also in accordance with Pinzón et al. (2013) who reported on morphologically scattered "verrucosa-" and "damicornis-like" phenotypes among discrete genetic lineages. However, using more sophisticated methods [e.g., scanning electron microscopy (SEM)], Schmidt-Roach et al. (2014) demonstrated that morphological groupings are congruent with mitochondrial molecular phylogenies within species of the Pocillopora damicornis species complex.
POPULATION STRUCTURE AND EFFECTIVE POPULATION SIZE OF POCILLOPORA VERRUCOSA IN THE RED SEA
We assessed suitability of 14 microsatellites on P. verrucosa colonies collected from northern, central, and southern reefs in the Red Sea ( Table 2) . From the 14 microsatellite loci tested, a total of 9 microsatellites successfully amplified and were selected based on overall data quality and the absence of null alleles. None of these 9 microsatellites showed deviation from the HardyWeinberg (HW) Equilibrium ( Table 2 ). The number of alleles per microsatellite locus ranged from 4 to 10 ( Table 2) .
We did not detect significant linkage disequilibrium (LD) among microsatellite loci pairs (MC parameters: 10,000 dememorization, 1000 batches, 10,000 iteration steps per batch) except between Pd1 and Pd8 (LRT = 0.0021 ± 0.0003 SE, P = 0.0019 ± 0.0003 SE). These loci were not excluded because there was no LD between Pd1 and Pd8 when inferred within our three sampling regions (i.e., WAJ, THU, DOG) and since none of the previous studies on Pocillopora that used these two markers found significant LD between them (Starger et al., 2008 (Starger et al., , 2010 Souter, 2010; Combosch and Vollmer, 2011) . Tests on heterozygote deficiency (MC parameters as former) were significant for locus Pd7 (P = 0.0000 ± 0.0000 SE; F IS = 0.0463 (Weir and Cockerham, 1984) . However, when looking within the three sampling regions, significant disequilibrium from HW was only found for the WAJ samples (P = 0.000 ± 0.0019 SE; F IS = 0.0116) and not overall samples when using Fisher's method (P = 0.0551; χ 2 = 12.3251). Hence, we kept Pd7, as it was a highly variable marker in our data set providing a potentially higher resolution on more recent population structure (ecological timescale). Further, other studies used this marker without finding heterozygote deficiency in P. verrucosa populations (Yeoh and Dai, 2009; Pinzón et al., 2012; Schmidt-Roach et al., 2012) . Inference of fixation indices (i.e., F ST ) based on ANOVA by GENEPOP for our three sampling regions shows that F IS (individual to subpopulation = 0.0193; P = 0.087) values were lower than F IT values (individual to total population = 0.0198, P = 0.079), but F ST values (subpopulations to total population = 0.0005, P = 0.340) values were the lowest among all three. Consequently, allele sizes of subpopulations had no explanatory value for the variance of the total data and there was no correlation between the genetic variance and the geographic location of the sample. Taken together, genetic differentiation between reefs/sites (n = 10) and regions (n = 3) was absent indicating that the variance between individuals from a sampling region was not significantly different from the variance between individuals of the total population.
F ST values have a high comparative value between studies as they are commonly used as a proxy of genetic differentiation within a population and among its constituting subpopulations. However, the interpretation of F ST from highly variable loci is debatable as a high number of alleles can lead to an underestimation of differentiation when using F ST (e.g., Hedrick, 1999; Balloux et al., 2000; Hedrick, 2005; Jost, 2008; Meirmans and Hedrick, 2011) . For this reason, we chose to derive additional parameters for estimating the magnitude of genetic divergence among populations of P. verrucosa. We calculated pairwise D EST (Jost, 2008) and G' ST (Hedrick, 1999) (Table 3) . To further confirm this, we applied STRUCTURE analysis to find the optimal number of populations. Independent from the implemented type of model, K = 1 (i.e., one single population) was the most likely number of genetic clusters implemented during preliminary (with K = 1-10) and final (K = 1-4) STRUCTURE runs. This was further confirmed in a subsequent analysis with STRUCTURE HARVESTER (Figure 1) .
We calculated effective population size (N e ) from the distribution of microsatellite genotypes to assess genetic diversity, and consequently quantitative trait heritability ("evolutionary potential"). Decreased evolvability is often considered the most relevant evolutionary consequence of small population sizes (Wang, 2005;  
DISCUSSION POPULATION STRUCTURE OF P. VERRUCOSA IN THE RED SEA
In this study, the population structure of P. verrucosa in the Saudi Arabian Red Sea was investigated over a distance of 850 km along a unique latitudinal environmental gradient. Our sampled sites covered a wide range of the Saudi Arabian Red Sea, but even between the most distant reefs investigated, i.e., 850 km between WAJ and DOG, no genetic differentiation was found at neutral loci. Rather, P. verrucosa in the Red Sea seems to belong to a single, panmictic population (F ST = 0.0005, P = 0.340) with an estimated effective population size of (N e ) 116.1598. Palstra and Ruzzante (2008) empirically estimated a median unbiased N e of 260 (among 83 studies) for wild populations including amphibians, birds, crustaceans, fish, insects, mammals, molluscs, reptiles, and plants. In this regard, the estimated N e from our data seems within the order of magnitude of other wild populations. Further, Richards et al. (2008) estimated global N e 's for a number of Acropora species that were drastically different depending on the species investigated (e.g., A. spathulata had a mean effective global population size of 3611 ± 1805 and A. rongelapensis of 25 ± 13) and argued that this might be a result of unidirectional hybrids. For the majority of common coral species though, effective N e 's are unknown, but it is likely that local N e sizes are substantially smaller than the global estimates from Richards et al. (2008) . Despite the reasonably large area investigated here, future studies should incorporate sampling from the northernmost region of the Gulf of Aqaba as well as from the southernmost region of the Red Sea, and possibly from outside the Red Sea (Gulf of Aden). This is to test whether the absence of population differentiation further holds true for regions featuring more extreme environmental conditions for coral growth. Results from Nanninga et al. (2014) ∼250 km south of DOG, our southernmost sampling site) where physical changes in the reef ecosystems and reef-scape were also visually apparent. The observed pattern in these studies might likely arise not only from prevailing higher temperatures, but also from highly nutrient enriched waters and incoming genetic diversity introduced from the Gulf of Aden. Absence of genetic differentiation has also been observed for P. verrucosa around East Africa over a distance of 697 km (Souter, 2010) . As in the Red Sea, the P. verrucosa population reproduces via broadcast spawning suggesting that the reproductive mode might play an important role in geographic dispersal. Earlier studies on the connectivity of other Pocillopora species also came to similar conclusions regarding the link between reproductive mode and geographic dispersal (Benzie et al., 1995; Ayre et al., 1997; Ridgway et al., 2001; Miller and Ayre, 2008a,b) . However, the markers employed (e.g., allozymes) had lower resolution in comparison to the faster evolving microsatellite markers used in this study. Ayre et al. (1997) described gene flow even between sites that were up to 1200 km apart based on data from allozymes. The absence of population differentiation over northern, central, and southern reefs in the Red Sea spanning an area of more than 850 km indicates that larvae of P. verrucosa are able to disperse over long distances from their reef of origin and successfully settle in new reefs. Three main features are responsible for successful larval dispersal and recruitment (and consequently gene flow after reaching reproductive maturity) over large geographic regions: (1) the reproductive mode of the species should allow long distance dispersal, (2) water currents should support the dispersive pathways, and (3) recruits have to be (genetically) equipped to survive and succeed in a wide range of physicochemical conditions. These will be discussed in the following.
CLONAL STRUCTURE AND REPRODUCTIVE MODE
In order to avoid sampling of clonal colonies, we collected corals that were at least 5 m apart from each other following a design employed in other studies (Baums et al., 2006; Combosch and Vollmer, 2011) . However, identical multi-locus genets were identified within samples of many studies [e.g., Souter et al., 2009 (P. verrucosa ; 5 m distant colonies); Combosch and Vollmer, 2011 (P. damicornis; samples from 10 m distant colonies)]. In most cases this was interpreted as partial presence of asexual reproduction among colonies from the species under study. Interestingly, in our data we did not detect a single identical multi-locus genotype. This indicates that either P. verrucosa in the Red Sea reproduces exclusively sexually, or we did not sample clonal colonies due to their generally low presence, or simply by chance. Given that this study was based on nine highly resolving microsatellite loci (previous studies were mainly based on five or six loci), we advocate the first explanation. In contrast to our results, Maier et al. (2005) found significant genetic structure and isolation by distance in a coral of the Pocilloporidae family, Seriatopora hystrix, in the Red Sea, although the study was based on a comparatively smaller geographic range (northern Red Sea only, ∼600 km). S. hysterix, in comparison to P. verrucosa, is a viviparous brooding species (Ayre and Resing, 1986) that also showed significant population structure in the Great Barrier Reef (Ayre and Dufty, 1994) . A potential high level of genetic heterozygosity in P. verrucosa from the Red Sea can have important implications for the species ability to adapt to changing environments and warrants further studies. Additionally, even though previous studies report on asexual (clones) and sexual coral recruits among Pocillopora species, this might be the result of analyzing samples from distinct mitochondrial lineages which can lead to the inclusion of cryptic species (e.g., one species reproducing exclusively asexually and the other species sexually and thus, analyzing colonies from both reproductive forms). Taken together, the broadcast spawning P. verrucosa from the Red Sea seems to reproduce exclusively sexually, which allows for long distance dispersal of gametes and a high level of heterozygosity.
CURRENTS AND LARVAL TRANSPORT
While the mode of reproduction is an important factor affecting connectivity among coral reefs, currents also play a crucial role in genetic dispersal (i.e., gene flow) in marine environments. Currents can produce physical barriers (Baums et al., 2005; Thornhill et al., 2008) for aquatic larvae (e.g., Pineda et al., 2007) . There is only little information on current flow patterns in the Red Sea, but the main driver of surface currents in the Red Sea is presumably a dominant North to South wind (Sofianos et al., 2002; Sofianos and Johns, 2007; Raitsos et al., 2013) . Furthermore, permanent clockwise (i.e., anticyclonic) and counterclockwise (i.e., cyclonic) eddies can be found in the Red Sea (Sofianos and Johns, 2007; Raitsos et al., 2013) (Figure 2) . Studies have shown that eddies in some cases can work like baskets transporting larvae and gametes through water bodies, but at the same time keeping their dispersal restricted to the range of the eddy (Lobel and Robinson, 1986; Sammarco and Andrews, 1989; Wolanski et al., 1989) . In addition, given that the Red Sea is comparatively narrow (notably ∼200 km width near THU), cyclonic water currents might become significant vehicles for the transport of larvae from one shore to the other (from East to West and vice versa), but further studies are needed to confirm this. Taken together, the wind patterns and permanent eddies in the Red Sea are potentially promoting larval dispersal along a latitudinal and longitudinal gradient of the Red Sea, but further studies are needed to confirm this. The reproductive and larval features of a coral (here: Pocillopora verrucosa) combined with powerful oceanic water transport would increase gene flow over long distances, and thereby assist panmixia within most of the Red Sea.
STRATEGIES TO SUCCESS ACROSS THE ENVIRONMENTAL GRADIENT
Apart from a suitable mode of reproduction and effective means of larval dispersal, the genetic makeup of dispersed larval populations need to provide genotypes that are able to survive and succeed in prevailing environmental conditions. Our study yielded no data that indicate significant genetic differentiation between coral colonies from P. verrucosa across a latitudinal gradient in the Red Sea despite pronounced differences in prevailing environmental conditions (i.e., temperature, salinity, and nutrients). It is important to note that lack of genetic divergence at neutral loci does not constitute evidence of lack of genetic divergence elsewhere in the genome. Rather, selection can result in genetic divergence at specific, adaptation-related loci without any detectable divergence at neural loci between populations as reviewed in Nosil et al. (2009 and references therein) . For this reason, further studies are needed to determine the role of phenotypic plasticity on the one hand or loci-specific adaptation on the other hand. Pocilloporidae are reproductively most successful in the Red Sea in comparison to other scleractinian families (Glassom et al., 2004) , although they are commonly regarded as a coral family that is vulnerable to environmental change (Glynn, 1993 (Glynn, , 1996 Marshall and Baird, 2000) . A deeper understanding into the success of corals in the Red Sea might come from hologenometargeted analyses that uncover how member species (i.e., coral animal, dinoflagellate symbionts, bacterial community) of the coral metaorganism interact with each other to select for the most advantageous coral holobiont composition for prevailing environmental conditions . In particular, the microbial community structure of the coral might be subject to change given the short generation time and greater versatility of microorganisms (Bayer et al., 2013) . This is further supported by FIGURE 2 | Overview of Pocillopora verrucosa sampling sites and wind and current patterns in the Red Sea. Sampling sites WAJ (north), THU (central), and DOG (south) are indicated by an asterisk. The predominant wind direction among the study sites is from North to South (arrow). A permanent cyclonic eddy influences current direction in the northernmost part (circle) and is followed by two anti-cyclonic eddies (circles). The southernmost circle visualizes the presence of another cyclonic eddy in this area. The flow directions created by these eddies potentially influence coral larval transport across the Red Sea.
coral disease studies that usually show more diverse and less structured (i.e., less selected) microbial communities in compromised corals (Sunagawa et al., 2009; Kellogg et al., 2012; Roder et al., 2014a,b) . With regard to the dinoflagellate symbionts associated with P. verrucosa, Sawall et al. (2014a) found that symbiont clade compositions differed in specimens from the most northern and the most southern ends of the Red Sea. Such differentiation has also been observed in other coral reef ecosystems (Baums et al., 2010; Lien et al., 2013) . Differences in algal symbiont assemblage might feature different physiological capacities and thereby contribute to the success of P. verrucosa at areas of the Red Sea with more extreme conditions (Sawall et al., 2014a) . Consequently, complementary analyses of the corals' algal symbiont and bacterial communities along a latitudinal gradient in the Red Sea is highly warranted and promises to gain further insights into the adaptability and resilience of corals to extreme environments and environmental change.
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